Objective: To evaluate the results of treatment of an osteotomy of the olecranon and an ulnar diaphyseal fracture with a single nail, in cases with an ipsilateral ulnar diaphyseal fracture and a comminuted fracture of the distal humerus.
INTRODUCTION
An ipsilateral ulnar diaphyseal fracture accompanying a comminuted fracture of the distal humerus is rarely encountered in practice. Because of their complex anatomy, intraarticular distal humerus fractures require an olecranon osteotomy for visualization. [1] [2] [3] [4] However, if associated with an ulnar shaft fracture, this osteotomy will create a segmental fracture pattern. The treatment modality will directly affect postoperative immobilization and any associated rehabilitation program. 5 Therefore, stable fixation is required. 6 Open reduction internal fixation (ORIF) with plates and screws for this combined problem is possible, but may result in unacceptably large incisions and dissection to accomplish this goal. 5, 6 The goal of this article is to report the outcome of patients who underwent fixation of olecranon osteotomy in the setting of a diaphyseal ulna fracture using an intramedullary nail.
Patients and Methods
The study involved 8 skeletally mature, adult patients who underwent a transolecranon approach for an intraarticular distal humerus fracture with a concomitant ipsilateral ulnar diaphyseal fracture. Open reduction internal fixation using a transolecranon approach was performed (Table 1) . Fractures are classified according to the OTA/AO system. 7 Type B fractures were evaluated using a CT.
The size and diameter of the ulnar intramedullary nail (TST Rakor Tıbbi Aletler San. Ve Tic. Ltd Ş ti., Istanbul, Turkey) were determined based on the direct radiographs of the uninjured forearm. The nail (Fig. 1) was applied through the posterior incision using a closed reduction technique for the shaft component. Informed consent was obtained in all patients preoperatively. Approval was granted by the Institutional Review Board.
The follow-up period was $1 year. For radiologic evaluation, standard Anterior-posterior and lateral radiographs were taken at fourth, eighth, and 12th weeks postoperatively, and at final follow-up. Bone union, joint surface, presence of osteonecrosis, heterotopic ossification, and degenerative changes were evaluated according to these radiographs. Bony union was defined as the disappearance of the radiolucent osteotomy line on radiographs and the absence of pain with palpation. The visible presence of the osteotomy after 6 months and pain with palpation were evaluated as nonunion. Degeneration in the elbow joint was classified according to the Broberg classification, 8 in which a normal elbow was evaluated as grade 0, minimal osteophyte formation with slight narrowing in the joint space as grade 1, osteophyte formation with moderate narrowing in the joint space as grade 2, and severe degenerative changes as grade 3. Heterotopic ossification was evaluated according to the Hastings rating scale, 9 in which lack of functional limitation was evaluated as class 1, subtotal limitation in 1 or 2 planes as class 2, and joint ankylosis as class 3.
A standard physical examination was performed at final follow-up. The Mayo elbow performance score (MEPS), which evaluates elbow joint stability, and the disabilities of the arm, shoulder, and hand (DASH) 10 questionnaire score, which evaluates upper extremity function based on physical performance shown during the most recent week, were used. MEPS of $90 was considered as excellent, 75-89 as good, 60-74 as acceptable, and ,60 as poor. Forearm functional results of the patients and union evaluations were performed according to the Grace-Eversman 11 criteria. Subjective pain evaluation of the patients was applied according to a visual analog scale (VAS). 12 The joint ranges of motion were measured with a goniometer. Elbow flexion and extension, flexion-extension range, and forearm pronation and supination were measured with a goniometer at the final follow-up examination of the patients. Comparative hand grip strength was evaluated with a hydraulic hand dynamometer [Saehan Hydraulic Hand Dynamometer (SH5001); Saehan Corporation, Gyeongnam, South Korea].
Surgical Technique
After fixation of the distal humerus fracture, a locked ulnar nail of diameter and length, determined from the preoperative uninjured forearm ulna, was placed using the application guide. A closed reduction was performed of the ulnar diaphyseal fracture, and the nail was advanced to the distal ulna with the osteotomy exposed. Fluoroscopic control was used to evaluate the placement of the nail. Depending on the osteotomy and fracture line stability, single-cortex locking was used from the proximal oval hole. After fixation, the ulnar nerve was transposed anteriorly. A negative-pressure drain was placed subcutaneously. A long-arm splint was applied to all patients postoperatively while the elbow was in 90 degree flexion.
Postoperative Protocol
The subcutaneous drain was removed in the first 24-48 hours postoperatively. Active-assisted flexion and extension exercises were started in the first week under physiotherapist guidance. When the soft-tissue edema regressed, an angle-adjustable and extension-blocked elbow splint was applied. Full use was permitted after bone union was confirmed radiologically.
Statistical Analysis
Data were statistically analyzed using SPSS v20.0 computer software. Data are presented as number, percentage, median, and range. Compliance of the variables with normal distribution was analyzed using the Kolmogorov-Smirnov test. Spearman correlation analysis was used to detect correlations between the parameters. A value of P , 0.05 indicated statistical significance.
RESULTS
Of the 8 patients, 6 (75%) were males and 2 (25%) were female, with a mean age of 40.3 years (range, 27-56) and Etiologically, the fractures resulted from falls in 2 (25%) patients, falls from height in 2 (25%) patients, and from traffic accidents in 4 (50%) patients. Union was observed in the olecranon osteotomy and ulnar diaphyseal fractures in all patients (Fig. 2) . In the distal humerus fractures, union was observed in 7 (87.5%) patients. However, in 1 (12.5%) patient, nonunion of the lateral condyle was observed in the postoperative 12th month radiograph of the patient (Fig. 3) . The mean time to union was 16.3 (range, 12-22) weeks. Preoperative vascular damage and compartment syndrome were not observed in any patient. One patient had ulnar neuropraxia that occurred after the trauma, and spontaneous recovery was observed in the postoperative sixth week. Separation of the osteotomy was not observed in any of the evaluated elbow lateral radiographs of the patients. Osteonecrosis was not observed in any patient.
According to the Hastings rating scale, heterotopic ossification was not observed in any patient. According to the Broberg classification, although joint degeneration was normal in 7 (87.5%) patients, grade 1 degeneration was observed in 1 (12.5%) patient. The mean VAS was 1.8 (range, 0-3). According to the Grace-Eversmann criteria, results were excellent in 5 (62.5%) patients, good in 2 (25%) patients, and acceptable in 1 (12.5%) patient.
The median MEPS was 85 (range, 70-95). The MEPS was excellent in 4 (50%) patients, good in 3 (37.5%) patients, and acceptable in 1 (12.5%) patient. The median DASH score was 17.9 (range, 5-45.8).
The median flexion-extension was 129.5 degree (range, 115-135) and median extension limit was 15.5 degree (range, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . The median forearm supination was 83.5 degree (range, 65-85) and pronation was 79 degree (range, 65-90). In the grip strength assessment performed using a hydraulic hand dynamometer, the median grip strength was 65 (range, 45-85) kgw for the uninjured forearm and 62 (range, 40-80) kgw for the treated forearm (Table 1) . There was no statistically significant difference in the grip strengths between the uninjured and treated extremities (P . 0.05).
DISCUSSION
Distal humerus fractures and ipsilateral ulnar diaphyseal fractures are rarely seen together. Joint restoration, stable fixation, and early rehabilitation are primary objectives in the surgical treatment of both these fractures. 1, 2, [13] [14] [15] [16] [17] [18] [19] In these rare cases, when the method chosen requires an olecranon osteotomy, a decision must be made as to the best treatment of the "segmental" olecranon. In current treatment methods, the transolecranon approach is more effective than other methods in regaining normal functional capacity and joint range of movement. 1, 6 For normal elbow functions, the flexion-extension range is 30-130 degree. 1 In this study, the mean range of flexion-extension was 129.5 degree (115-135d degree), median extension limit was 15.5 degree (10-20 degree), median forearm supination was 83.5 degree (65-85 degree), and median pronation was 79 degree (65-90 degree). Solomon et al 20 reported a mean joint range of motion of 17-115 degree, 0-50 degree of flexion, and 55-145 degree of extension. In the current series, the mean flexion and extension range was 116 6 30 degree, pronation range was 76 6 22 degree, and supination range was 73 6 26 degree. 21 Joint degeneration rate was reported to be 32.3%, heterotopic ossification was 12.9%, the mean MEPS was 87.2 (range, 50-100), and the mean DASH was 24.4 (range, 0-65). 16 In this study, because of early mobilization, heterotopic ossification was not observed. However, type 1 joint degeneration was observed in 1 (12.5%) patient. The median MEPS was 85 (range, 70-95), median DASH was 17.9 (range, 5-45.8), and mean VAS was 1.8 (range, 0-3). According to the Grace-Eversmann criteria, results were excellent in 5 (62.5%) patients, good in 2 (25%) patients, and acceptable in 1 (12.5%) patient.
Transolecranon osteotomy in the setting of an ulna diaphyseal fracture can however be problematic. 22, 23 The treatment goal is to obtain good cosmetic and functional results with minimal soft-tissue damage. [24] [25] [26] It is thought that addition of an osteotomy will complicate the treatment. When considering the osteotomy and ulna diaphyseal fracture as 2 independent injuries, conventional methods can be used. 16, 24 Unfortunately, this may result in 2 separate plates and a very wide surgical exposure. Fixation of both ulna injuries through the posterior humeral incision provides significant advantages. These include: closed fixation of the ulna diaphyseal fracture, stable fixation of both the fracture and the osteotomy with the same IM nail, early mobilization and cosmetic advantages. [27] [28] [29] [30] [31] This study had some limitations. The evaluators were not blinded (the evaluator was the treating physician), the study was retrospective, the number of patients was small, and the follow-up period was short. The absence of a comparative group in which different fixation materials were used in the osteotomy and ulnar diaphyseal fracture treatment was another limitation of the study. There is a need for a more extensive case series reporting the results of treatment methods used for osteotomy and ulnar diaphyseal fracture with concomitance of very rarely seen distal humerus fractures and ipsilateral ulna diaphyseal fractures.
CONCLUSION
Comminuted intraarticular distal humerus fractures associated with an ulna shaft fracture is a rare injury. When the injury requires an olecranon osteotomy, consideration should be made to use a locked IM ulna nail, to minimize surgical exposure. In our small series, this technique did not result in any ulna nonunions.
